Abstract: Forest soils of the Great Smoky Mountains National Park were examined for soil algae as part of the All Taxa Biodiversity Inventory underway in that park. Soils of both mature and secondary growth forests were sampled, along with samples from rocks and tree bark. A total of 42 taxa were observed, representing Cyanobacteria (3 species), Chlorophyceae (12 species), Trebouxiophyceae (18 species), Ulvophyceae (3 species), Klebsormidiophyceae (1 species), Zygnematophyceae (2 species), Tribophyta (3 species), Eustigmatophyta (1 species), Euglenophyta (1 species), and Dinophyta (1 species). Twenty new taxa records for the park were established.
Introduction
The Great Smoky Mountains National Park (GSMNP), an International Biosphere Preserve in the Appalachian Mountains, straddles the Tennessee-North Carolina border within the USA. Damp climate, coupled with the range of elevation and the southwest to northeast layout of these mountains, accounts for the striking diversity of living organisms found in the park. Five forest types within the park support over 1500 species of seed plants, 68 species of ferns and fern allies, and 484 bryophytes. Great Smoky Mountains National Park has a moderate climate, typified by mild winters and hot, humid summers. The variable topography can drastically affect local weather.
The first data concerning algal diversity in the Great Smoky Mountains dates back to 1949 (Silva 1949) . Recent examination of the algae of the park began with the All Taxa Biodiversity Inventory (ATBI) in 1997; with the first results published in 2004 by Johansen et al. (2004) . They listed 584 taxa in diverse phyla of algae. With more intensive study, the number of the algae was eventually catalogued at 1000 taxa (Johansen et al. 2007 ). These algae were found in rivers, creeks, springs, and seep walls. Soil algae were studied in a very limited fashion by Deason & hernDon (1989) , who reported three taxa from soils in the park.
This paper reports the results of our examination of soil algae in the park. In addition to soils, we also sampled aerial algae on tree bark and wet rocks. Given the geographical size of the park and its diversity in geology, soils and vegetation, our study must be considered preliminary. We document our taxa with illustrations and short descriptions so that the variability within Great Smoky Mountains populations is recorded.
Materials and Methods
Samples were chosen to maximize representation of forests dominated by different species of trees and shrubs. We collected soils of both young forest (9 samples) and mature forest (8 samples). Wet rock (10) and wood (8 samples) biotopes were additionally (Table 1) . During a field expedition in the northern part of the GSMNP in August of 2006, the above samples were collected along five trails: Baskins Creek Trail, Grotto Falls (Trillium Gap Trail), Laurel Falls Trail, Ground Nature Trail, and Noland Divide Trail. We chose to study the soils of the basic ecosystem in the parkforest. The forest sites differed in age and composition of trees. Five major forest types were sampled: The Cove Hardwood Forest, The Spruce-Fir Forest, Northern Hardwood Forest, Hemlock Forest, and Pine-Oak Forest. Mature forest in our study contained Quercus, Tsuga, and Acer. Younger forest contained Acer, Betula, Picea, Abies, and Rhododendron. They differed in light exposure, soil texture, and amount of understory foliage. The pH of the soil was very acidic, from pH 3.8 to pH 5.8. In addition to the trails, two roadside sites were also chosen which had wet rock faces (Table 1) .
All samples were divided into fresh and preserved portions. Unpreserved material was used for enrichment cultures, dilution-plate isolations, and DNA isolation. Enrichment cultures of aerial algae were made by dilution plating onto agar-solidified Z8 medium (Carmichael 1986 ). All cultures were maintained in a growth chamber at John Carroll University at 200 µE·cm -1 irradiance, on a 16:8 hour light:dark cycle, with temperature controlled at 18°C during the light cycle and 10°C during the dark cycle. Cultures were allowed to grow for 2-4 weeks prior to beginning analysis. All taxa were examined and photographed using an Olympus BH2 photomicroscope with high resolution Nomarski DIC optics, or with an Olympus BX60 microscope with high resolution Nomarski DIC optics and a Diagnostic Instruments Spot Digital Camera.
Taxonomic determinations were made using standard references. For Cyanobacteria, Geitler (1932 ), and KomáreK & anaGnostiDis (1999 were the primary references for species, with generic assignments following the recent revisions of Komárek and Anagnostidis (anaGnostiDis & KomáreK 1985 , 1990 KomáreK & anaGnostiDis 1986 . References used for identifying green algae were diverse (starmach 1972; ettl 1983; KomáreK & Fott 1983; moshKova & Gollerbach 1986; ettl & Gärtner 1988 ettl & Gärtner , 1995 loKhorst 1996; anDreyeva 1998) . For Xanthophytes and Eustigmatophytes the primary resources were: DeDusenKo-shcheGoleva & Gollerbach (1962 ): starmach (1968 ), ettl (1978 ), matvienKo & DoGaDina (1978 ), and ettl & Gärtner (1995 . The euglenoids were identified using WołoWski & hinDáK (2005) .
Results
Forty-two taxa representing seven divisions of algae were found in the soils of the GSMNP: Cyanobacteria, Chlorophyta (Chlorophyceae, Trebouxiophyceae, Ulvophyceae), Charophyta (Klebsormidiophyceae, Zygnematophyceae), Tribophyta, Eustigmatophyta, Euglenophyta, and Dinophyta. Most of these algal species were unicellular coccoids. In the taxonomic section we report wellknown and well-described taxa with abbreviated descriptions and original drawings. A number of species are poorly known, and we provide more lengthy descriptions of these algae. If taxa do not fit existing descriptions, deviations from these descriptions are reported.
Taxonomic Section

Cyanobacteria
Chroococcus helveticus Nägeli (Figs 1, 2) Site: GSM 4D; damp rocks. Cells 5.5-6 μm in diameter, with mucilage layer 2.5-3.5 μm. This species was found in uncultured material from damp rocks. It was earlier described in the same habitats in GSMNP (Johansen et al. 2004 (Johansen et al. , 2007 . The genus Chroococcus is generally distributed in lentic freshwater and brackish habitats in shallow waters among macrophytes, as well as in aerial habitats such as wet rocks (John et al. 2002) . (Fig. 3) Site: GSM 4D, damp rocks. Colony spherical, dull blue-green, up to 6 mm in diameter. Trichomes loosely entangled in mucilage, 5.5-6 μm in diameter. Mucilage unlamellated, structureless, colorless, but with a firm outer layer. Cells compressed spherical, usually shorter to sometimes longer than broad, with homogenous cell contents, dull blue-green, 5-6.5 μm long. Heterocytes spherical, pale yellowish in color, 6 μm in diameter. Akinetes not observed. This Nostoc was originally described from wet rocks in Croatia. It is possible it has been seen previously in the Great Smoky Mountains, but was likely described under the epithet Nostoc commune vaucher. (Fig. 4 This is a very common alga in various soil and subaerophytic habitats within the park. This species has been characterized as the most common soil algae (anDreyeva 1998) and dominant in soil algocenoses in the forest of the former USSR (aleKsahina & shtina 1984) . KostiKov et al. (2001) found this taxon in foreststeppe, steppe, Ukrainian Polesie, Ukrainian Carpathian Mountains, and Krym Mountains. ettl & Gärtner (1995) also characterized B. minor as cosmopolitan in soils. This species was found as an aerophytic alga on tree bark in Japan.
Nostoc epilithicum ErcEgović
Symplocastrum friesii AgArdh
Chlorolobion lunulatum hiNdák (Fig. 7)
Site: GSM 5F; soil. Cells very elongate, isopolar, slightly to clearly lunate, sometimes attenuated at the apices, attached at one end by a small mucilage pad, 10 µm long, 2-4 µm wide. Chloroplast an elongated band, without a pyrenoid. Autospores not observed in our material. This taxon was found in a single soil sample along Trillium Gap Trail. C. lunulatum is widely distributed in mountain soils in Slovakia, Russia, Tajikistan (anDreyeva 1998), the Czech Republic (ettl & Gärtner 1995) , and the Ukraine (KostiKov et al. 2001 ). (Fig. 8 ) Site: GSM 5C; soil. Cells oval, with rounded papilla, 13-14 µm long, 6-10 µm wide. Flagella arise from the papilla, about equal to the cell length. Chloroplast parietal, reticulate, filling the cell. Stigma anterior, elongated, reddish, large. Palmelloid stages and zygotes not observed.
Chloromonas clathrata korschikov in PAscher
C. clathrata has been found in polluted pools and channels, in dry soils of bogs in Latvia and Ukraine (DeDusenKo-shcheGoleva et al. 1959) , and in eutrophic ponds (ettl 1983) . Our populations were in soil under Rhododendron, a very different habitat than those reported for this species. The morphology of our specimens were a good fit for the species, but subsequent molecular characterization of populations from polluted and eutrophic waters and soils of the Great Smoky Mountains may demonstrate the presence of cryptic species within this genus. (Fig. 9 ) Site: GSM 2E; soil. Cells ellipsoid, with flattened papilla, with oil droplets in the cytoplasm, 11-12 µm long, 6-8 µm wide. Chloroplast parietal, reticulate, filling the cell. Stigma anterior, small. Palmelloid stages observed growing as a thin mat on the side of the culture tube. Zygotes not observed.
Chloromonas mirabilis korschikov in PAscher
Our specimens were placed in this taxon due to the distinctive nature of the papilla and structure of the chloroplast. They did not fit either the nominate variety or C. mirabilis var. minor (belcher) GerloFF et ettl, being smaller than normal for the nominate variety and having the stigma more anterior in position than in var. minor. This species is planktonic in lakes in the former USSR, Sweden, Austria, and the Czech Republic (ettl 1983) and in soil in the Ukrainian Carpathian Mountains (KostiKov et al. 2001) . We suspect the soil forms in the USA and Ukraine may represent a separate and new species, but have insufficient evidence at this time to describe it as such. (Fig. 10 ) Site: GSM 5F; soil. Cells oval, with small rounded papilla, 13 µm long, 6 µm wide. Flagella arising from the papilla, about equal to the cell length. Chloroplast parietal, with slits developing in the chloroplast but not anastomosing to form a reticulate surface, in median view appearing dissected. Nucleus large, central. Stigma anterior, tear-shaped, reddish, intermediate in size. Often in palmelloid stages. Zygotes not observed.
Chloromonas palmelloides BroAdy
This species was found in soil samples from Signy Island and South Orkney Island (Antarctic) (ettl 1983) . KostiKov et al. (2001) found this taxon in the Ukrainian Carpathian Mountains. (Fig. 11 ) Site: GSM 3A; soil. Cells spindle-shaped, often bent irregularly or twisted at the ends, which come to a sharp point, attached to substratum by a stipe at one end, 13-29 µm long, 2-3 µm wide. Chloroplast solitary, parietal, filling all parts of the cell except apices, with a single pyrenoid.
Keratococcus rhaphidioides (hANsgirg) PAscher
This taxon has been previously found growing on wet rocks and tree bark in Central Europe (anDreyeva 1998). (ettl 1965) in several particulars. The stigma is tear-drop shaped rather than elliptical, cells may contain two pyrenoids, the papilla has a saddle-shaped depression, and our cells were larger than the original populations. ettl (1965, 1983) reported cells 7-11 µm long, 3-6 µm wide. Given that Ettl described the species from the plankton of a small lake in Bohemia, we strongly suspect that our taxon represents a new species. PröscholD et al. (2001) conducted phylogenetic analysis based on sequence of the nuclearencoded SSU rRNA genes of Chlamydomonas sensu lato. They demonstrated the polyphyly of Chlamydomonas and began the revisionary taxonomic work necessary to characterize monophyletic genera. They erected Lobochlamys to include C. culleus ettl and C. segnis ettl. Our taxon shares the generic features of Lobochlamys and is somewhat similar to L. culleus. PröscholD et al. (2001) emended the description of ettl (1965) and reported a much greater range in size (10-18 µm long, 5-15 µm wide). We agree with the description of Lobochlamys, but question the identity of their strains of L. culleus with the original planktonic species described by ettl (1965). We chose not to describe our populations as a new species at this time because molecular data, if available, might clarify the position of our strain with respect to the other sequenced strains.
This work is planned for a future publication.
Neospongiococcum commatiforme deAsoN (Fig. 14)
Site: GSM 5E; soil. Cells rounded when young, as small as 5 µm in diameter, becoming elongated and egg-shaped when mature, up to 28 µm long, up to 20 µm wide. In young cells chloroplast hollow, spherical, lobed, in mature cells spongy, filling the cell. Pyrenoid round, with a continuous starch sheath, relatively large, 4-5 µm wide. Zoospores naked, elongated, with an anterior stigma.
This taxon was described from soils in a rose garden in Memphis, Tennessee (Deason & hernDon 1989) , and our specimens are a very close fit to the original material. Observed in GSMNP in sandy soil by the Laurel Falls Trail. ettl (1983) reported that this algae was also isolated from a bog soil in Elkhart, Indiana (USA).
Trebouxiophyceae
Chlorella ellipsoidea gerNeck (Fig. 15 ) Sites: GSM 2A, 2B; soil. Cells ellipsoidal, 4-10 µm long, 3.5-7 µm wide. Cell wall thick. Chloroplast parietal, lobed, containing a single large spherical or ellipsoid pyrenoid in the central part.
This taxon was widespread in soils, tree bark, and wet rock surfaces. During previous investigations C. ellipsoidea has been found in small ponds, in sand, on tree bark and in lichens (anDreyeva 1998; ettl & Gärtner 1995) . (Fig. 17) Sites: GSM 1B, GSM 2G; soil, rock. Cells spherical, 3-7 µm in diameter. Cell wall thin. Chloroplast cup-like or band-shaped, occuping ½ -¾ of cell periphery, asymmetrical, with pyrenoid usually situated in the central part of the chloroplast.
Chlorella vulgaris BeijeriNck
This taxon was widespread in soils, tree bark, and wet rock surfaces. The pure culture was found as film on a wet green stone, lying on a road. This algae is known as a dominant in forests of the former USSR (aleKsahina & shtina 1984) , and is considered to be cosmopolitan (anDreyeva 1998). C. vulgaris is widely distributed in soil and subaerial habitats, and likely encompasses a number of cryptic species.
Chlorosarcina cf. elegans gerNek (Fig. 18 ) Site: GSM 2D; soil. Cells in cubical packets, 4-6 µm wide. Chloroplast solitary, cup-shaped to massive, without pyrenoid. Starch grains evident in cell cytoplasm. Zoospores unobserved.
This Chlorosarcina fits the vegetative stages of C. elegans (anDreyeva 1998), but without zoospores we are unsure of its identification. (Fig. 19 ) Site: GSM 1A; soil, rock. Colonies mucilaginous. Sheath colorless, unlamellated, soft. Cells in cubical packets, evenly dispersed in structureless mucilage, 6-8 µm wide. Chloroplast single, cup-shaped, or completely filling the cell cavity, without pyrenoid, appearing finely granular. Zoospores unobserved.
Chlorosarcina cf. rivularis PANkow et Möller
This Chlorosarcina has the appearance of C. elegans, but without zoospores we are unsure of its identification. (Fig. 20 This alga was found free-living in oldgrowth forest soil on the trail near Chimneys Picnic Ground. The alga has been reported to live freely and as a phycobiont of lichens (ettl & Gärtner 1995; anDreyeva 1998) . Although only found in one site, we expect this alga to be more broadly distributed in GSMNP as it is common in wooded ecosystems with mellow, rich organic soil, and has been observed in waterfall spray zones in other areas in the park. (Fig. 23 ) Site: GSM 5F; soil. Cells spherical, ellipsoidal when young, enclosed in a slime envelope when mature, uninucleate, 23-35 µm in diameter. Chloroplast fragmenting into many filaments which form a reticulate mesh, obscured by numerous starch grains, forming many layers of plastid which extend in to the center of the cell. Oil droplets conspicuous in young cells. Nucleus large, easily visible. Zoospores astigmatic, widely ellipsoidal, 8-12 µm in length, up to 4 µm wide.
Choricystis chodatii (jAAg) fott
Dictyochloropsis splendida geitler
Our specimens were free-living populations in soils of old growth maple forest near Laurel Falls. The zoospores of our culture were larger than ranges given in the original diagnosis (6-8 × 2-4 µm). This may represent a new species, but the culture was lost and we are unwilling at this time to describe a new species based on the evidence at hand. Our taxon is superficially similar to Dictyochloris pulchra Deason et hernDon, described for the first time from the GSMNP (Deason & hernDon 1989) , particularly with regard to the size and form of the zoospores, which were elongated in our material. It differs from that taxon by being uninucleate and lacking the posterior stigma. D. splendida is a subaerial alga that can become lichenized (ettl & Gärtner 1995; anDreyeva 1998).
Elliptochloris reniformis (S. wAtANABe) ettl et gärtNer (Fig. 16 ) Site: GSM 5G; soil. Cells reniform when young, becoming ellipsoidal or rounded, 4-10 µm long, 2-5 µm wide. Chloroplast parietal, cup-shaped, becoming lobed, without a pyrenoid. Cytoplasm with numerous oil droplets. Autospores numerous, released by the rupture of the parent envelope. This taxon was seen in a single old forest soil in the GSMNP. It has been found in forest and yard soils in Japan (anDreyeva 1998). It was formerly known as Chlorella reniformis s. Watanabe.
Myrmecia biatorellae (tscherMAk-woess et Plessl) j.B. PeterseN (Fig. 25 ) Site: GSM 2H; soil, bark. Cells clustered in groups, spherical when young, becoming elongated and egg-shaped as they mature, 3-13 µm wide. Chloroplast parietal, filling the cell but developing splits, without a pyrenoid. Zoospores not observed in our material.
M. biatorellae is a widely distributed species reported from soils, tree bark, and in lichens (ettl & Gärtner 1995) . It was found in soils, on rocks, and on tree bark in the Great Smoky Mountains National Park. (Fig. 26 ) Site: GSM 2D; soil. Cells spherical, 6-12 µm wide. Chloroplast parietal and cup shaped in young cells, becoming partially divided into two unequal hemispheres that remain connected in mature cells. Sporangia up to 13 µm wide.
Myrmecia bisecta reisigl
This taxon was common in soils of old and young forests in the GSMNP, and was reported from dry mossy rocks in the park by Gomez et al. (2003) . M. bisecta is a soil alga with world-wide distribution. It has been reported from widely divergent climate regimes, including the Central Alps, forests and steppes of the republics of the former Soviet Union (anDreyeva 1998), in many regions in Ukraine (KostiKov et al. 2001) , and among humid mosses and soils of Signy Island, Antarctica (ettl & Gärtner 1995) . (Fig. 27 ) Sites: GSM 2A, GSM 2E, GSM 5C; soil. Cells solitary, spherical, with a thin cell wall, up to 13 µm. Chloroplast parietal, divided into two or three lobes, without pyrenoid. Nucleus centrally placed or eccentric, with a distinct nucleolus. Zoospores not observed in our material.
Myrmecia incisa reisigl
This taxon is common and widely distributed in soils. It has been reported from soils of the Central Alps, Russia, and the desert of Baja California, Mexico (anDreyeva 1998; ettl & Gärtner 1995; Flechtner et al. 1998) . It is very likely that cryptic diversity would be found if sequencing of populations from diverse climatic regimes were conducted.
Pseudococcomyxa simplex (MAiNx) fott (Fig. 28)
Sites: GSM 2A, GSM 2С, GSM2D, GSM 4A; soil, rock. Cells not embedded in mucilage, elongate, asymmetrical, rounded at the apex, narrowed towards the end attached to the substrate, attached by a small mucilage pad, 8-9 µm long, 2 µm wide. Chloroplast an elongate parietal band, without pyrenoid. Autospores 2-4 per cell.
P. simplex is a very widely distributed species (anDreyeva 1998). It has been reported from the Carpathian Mountains, in acidified soils of Italy, on tree bark in Japan, in the Ukrainian forest-steppe ecoregion, and in Antarctica (ettl & Gärtner 1995; KostiKov et al. 2001) . It is probably more widely distributed in North America, but has likely been confused with Coccomyxa, to which it is similar. Pseudococcomyxa differs in the lack of mucilage, solitary growth habit, and presence of the mucilage pad. This taxon was repeatedly collected from soils and wet rocks in the park. (Fig. 24 ) Site: GSM 4B; rock. Colonies on agar similar in appearance to colonies of Stichococcus, but softer, light green, 3 mm across after one month of growth. Filaments short, most commonly of two cells, but up to 10 cells in length, variously bent or spiral, unconstricted at the crosswalls immediately after division, becoming constricted before breakage into smaller filaments, attached to substrate at one end, which is more pointed, with other end bluntly rounded, thick. Cells 2 µm wide, 10-20 µm long. Chloroplast solitary, without pyrenoid.
Raphidonema sempervirens chodAt
Taxonomy of this species is somewhat controversial. Some authors think that Rhaphidonema sempervirens choDat should be placed in Koliella sempervirens (choDat) hinDáK (hinDáK 1963; moshKova & Gollerbach 1986) . hinDáK (1963) based his transfer on the fact that Rhaphidonema forms multicelled filaments, while Koliella is one-celled or at most forms two-celled filaments. Rhaphidonema is characterized as a cryophilic genus; Koliella grows on humid soils (moshKova & Gollerbach 1986) or associated with snow and ice. ettl & Gärtner (1995) and KostiKov et al. (2001) reject the transfer into Koliella. Since our specimens were multicelled filaments, we prefer to place them in Raphidonema. The question of whether or not Koliella is a clade of species separate from the Raphidonema clade will likely not be resolved until molecular work is completed. (Fig. 29 ) Site: GSM 1B; rock. Cells spherical, with thin cell walls, 10-13 µm wide. Chloroplast spongy, filling the cell. Pyrenoid large, with a starch sheath composed of many grains, 4 µm wide. Autospores and zoospores not observed.
Spongiochloris minor chANtANAchAt & Bold
This alga is typical of desert and mountain soils in the USA, Russia, Turkey, Tajikistan, and Ukraine (anDreyeva 1998; ettl & Gärtner 1995; KostiKov et al. 2001 ). (Fig. 30) Sites: GSM 2A, GSM 2D, GSM 2E, GSM 2F, GSM 3A, GSM 3B, GSM 4D, GSM 5A, GSM 5D, GSM 5F; soil, rock. Cells solitary or in short easily broken filaments of 2-8 cells, cylindrical, with rounded ends, 4-8µm long, 2-3 µm wide. Chloroplast parietal, with smooth margins.
Stichococcus bacillaris Nägeli
S. bacillaris has been reported from humid soils, on brick and wooden walls, on semi-rotten wood, and sometimes in water (moshKova & Gollerbach 1986 ). This is considered by many to be one of the most cosmopolitan algae, occurring from Antarctic climates to the deserts of North America (ettl & Gärtner 1995; Flechtner et al. 1998; cavacini 2001; KostiKov et al. 2001; John 2003) . It is widely distributed in the park (Gomez et al. 2003) . In two samples, specimens identified by size to be Stichococcus bacillaris but with a bent form were observed. We are not sure whether or not this character represents genetic separation or is just an ecophenotype. (Fig. 31) Sites: GSM 1C, GSM 3B, GSM 5G; soil. Cells solitary, sometimes in very short filaments (2-4 cells), cylindrical, with rounded ends, 4-5µm long, 1-3 µm wide. Chloroplast bright-green with smooth margin, filling 1/3-1/2 of the cell. Cytoplasm with small granules, which increase in number in old cells, with oil droplets near poles of largest cells.
Stichococcus minor Nägeli
This alga is very common in soils, on bark, and on rocks (moshKova & Gollerbach 1986; KostiKov et al. 2001 ). (Fig. 32) Sites: GSM 1B, GSM 2D; soil, rock. Cells solitary or in pairs, ellipsoidal to nearly spherical, 4-5µm long, 2-5 µm wide. Chloroplast pale-green, disc-like.
Stichococcus minutus griNtzesco & Péterfi
This species was found in soils of immature maple forest in this study, but has been reported from epilithic habitats in the park as well (Gomez et al. 2003) .
Ulvophyceae
Fernandinella alpina chodAt (Figs 33, 34)
Site: GSM 2D; soil. Colonies are of loosely aggregated cells in flat, planar single layer. Cells oval, egg-shaped, or teardrop shaped, with broadened end attached to the substrate, dividing in two planes, 4.5-10 µm wide. Chloroplast parietal, cup-shaped, with a pyrenoid. Zoospores reported to be quadriflagellate, not observed in our material. This alga is very common in the soils of Eurasia (ettl & Gärtner 1995 , anDreyeva 1998 , KostiKov et al. 2001 , but this represents the first report from the park (Johansen et al. 2007 ). (Fig. 35 ) Site: GSM 2B; bark. Cells egg-shaped, sometimes nearly round, mostly in pairs, also solitary, 6-8 µm long, 5-6 µm wide. Chloroplast parietal, cup shaped, with scalloped margins, light green in color. Pyrenoid solitary, in a thickened part of the chloroplast, 2 µm in diameter.
Geminella terricola j. B. PeterseN
This alga is typical of humid soils (moshKova & Gollerbach 1986). It has been reported from several regions: in soil in Denmark and the Alps, and on rocks in Antarctica (ettl & Gärtner 1995) , in Ukrainian soils (KostiKov et al. 2001) , and forest soils in the Ardenn of Belgium (HoFFmann et al. 2007 ). This species was incorrectly reported as Interfilum paradoxum in Johansen et al. (2007) . (Fig. 36 ) Site: GSM 3A; soil. Filaments mostly short, strait or bent, with prominent H-shape pieces. Cells cylindrical, 8-14 µm long, 6-9 µm wide. End cells rounded. Pyrenoid single, containing numerous starch grains. Cytoplasm granular in old cultures, with a central nucleus.
Ulothrix variabilis kütziNg
Our strain was slightly larger than reported by other authors -cf. 4.5-7 µm wide, 0.5-1.5(-2) times longer than wide in ettl & Gärtner 1995 and 5-7(8.4) µm wide, 0.5-(2)3 times longer than wide in moshKova & Gollerbach (1986) . However, they corresponded well with the size dimensions in John et al. (2002) . moshKova & Gollerbach (1986) describe this species with a large chloroplast and large pyrenoid while ettl & Gärtner (1995) characterized the pyrenoid as a small. John et al. (2002, p. 467) describe the alga as having a small plate-like chloroplast, covering just over half of the cell circumference, with one pyrenoid. The alga has a cosmopolitan distribution in stagnant and flowing waters and in soils.
Klebsormidiophceae
Klebsormidium flaccidum (kütziNg) silvA, MAttox et BlAckwell (Fig. 37) Sites: GSM 2D, GSM 2H, GSM 5A; soil, bark. Filaments mostly long, rarely short. Cells cylindrical, practically without constrictions at the crosswalls, sometimes barrel-shaped, 9-10 µm long, 4-5 µm wide. Cell walls thin. Chloroplast parietal, bracelet-shaped, with smooth margins with a single pyrenoid ensheathed by many starch grains. Nucleus with nucleous clearly visible. This alga was very common in many sites in the park. K. flaccidum is the most widely distributed and reported species of the genus Klebsormidium, and is consistently in subaerial habitats and soils (moshKova & Gollerbach 1986; ettl & Gärtner 1995; loKhorst 1996; John et al. 2002) . (Fig. 38 ) Site: GSM 3A; soil. Cells embedded in structureless mucilage, ellipsoidal or cylindrical, mostly straight, but sometimes slightly curved, 15-27 µm long, 8 µm wide. Chloroplast ribbon-like.
Zygnematophyceae
Mesotaenium endlicherianum Nägeli
This taxon has been reported from the park before and is fairly common on wet rock surfaces. This is the first report from soil in the park. (Fig. 39 ) Site: GSM 3A; soil. Cells embedded in structureless mucilage, cylindrical with broadly rounded ends, 16-20 µm long, 8-10 µm wide. Chloroplast parietal, bracelet-shaped, with prominent pyrenoid. This taxon was reported from the GSMNP in previous investigations (Fučíková et al. 2008; Gomez et al. 2003) . The GSMNP populations are characterized by having cells corresponding to the minimum size range reported by other authors (Prescott et . , ettl & Gärtner 1995 . This alga was found in a mineral soil in a dirt road at the start of Trillium Gap Trail. (Fig. 40 ) Site: GSM 4C; rock. Cells ellipsoidal when very young, compressed in close association, quickly becoming spherical, with markedly different sizes, uninucleate, with oil droplets, 5-36 µm in diameter. Chloroplasts numerous, plate-like, without pyrenoid. Zoospores unobserved.
Mesotaenium macrococcum (kütziNg) roy & Bisset
Tribophyta
Botrydiopsis arhiza Borzi
This taxon is one of the dominant species in forest soils in the former USSR (aleKsahina & shtina 1984) and was also reported from ponds, peat bogs, on rocks and tree bark (DeDusenKoshcheGoleva & Gollerbach 1962) . It has a cosmopolitan distribution in soils of temperate and polar regions (ettl & Gärtner 1995; cavacini 2001) .
Heterococcus sp. (Fig. 41) Site: GSM 2E, GSM 4C; soil, rock. Colony bush-like, with filaments arising out of prostrate basal coccoid layer, obtaining a diameter of about 5 mm after 10 days of growth, developing at least some sparsely branched long filaments that grow horizontally out from the bushy center. Filaments short in vicinity of basal layer, becoming quite long, branched irregularly, with both primary and secondary branches, 3-4 µm wide in actively growing tips, becoming up to 7 µm wide. Cells of filaments commonly with 2 plate-like plastids, but sometimes having 4 chloroplasts, with granules, with lipid droplets, 2-3 µm in diameter, 9-15 µm long. Enlarged coccoid cells forming in filamentous series in interior parts of filaments, sometimes developing thickened, brownish cell walls, up to 10 µm in diameter. Chloroplasts mostly 2 per cell, becoming lobed, and sometimes dividing into 4 chloroplasts, without pyrenoid.
During this study, five strains of Heterococcus were isolated. These strains were very similar in morphology, but may represent multiple species in this problematic genus. This description is based on only one of the strains.
Xanthonema bristolianum (PAscher) silvA (Fig.  42 ) Site: GSM 1A; soil. Filaments short, easily broken. Cells cylindrical or slightly barrel-shaped, 9-12 µm long, 4-6 µm wide, with 4-12 disc-liked pyrenoids.
This alga has been reported from the park before on wet rocks (Gomez et al. 2003) . It is commonly seen in soils (DeDusenKo-shcheGoleva & Gollerbach 1962). (PeterseN) hiBBerd (Fig.  43 ) Site: GSM 2C; soil. Cells 5-30 µm (mostly 6-12 µm), spherical. Cell wall is thin. Chloroplast single but deeply lobed. Pyrenoid polyhedral. Cytoplasm containing many vesicles. The cells in our cultures are slightly smaller than reported elsewhere (14-34 µm in ettl & Gärtner 1995), although the overlap is high. This taxon has been reported from wet rocks in the park previously (Gomez et al. 2003) . It is one of the most widely distributed soil algae of temperate climates. It has been found in agricultural soils, meadows, forests, rocks, and on volcanic substrates (ettl & Gärtner 1995; KostiKov et al. 2001; miKhailiuK et al. 2001 ). 
Eustigmatophyta
Eustigmatos magnus
Euglenophyta
Euglena mutabilis schMitz (Fig. 44) Sites: GSM 2D, GSM 2H; soil. Cells 70-80 µm long, 13-16 µm wide, with 2-8 ring-shaped chloroplasts, lacking an emergent flagellum.
This alga is wider than described by ettl & Gärner (1995) and John et al. (2002) , but corresponds to the populations observed by hoFFmann et al. (2007) in soil cultures.
Dinophyta
Rufusiella insignis (hAssAl) A. r. loeBlich (Fig. 45 ) Site: GSM 2H; soil. Cells spherical, brown in colour, 30-40 µm wide. Cell wall appearing gelatinous, thick, 2 µm wide. Chloroplast granular in appearance. This taxon has been seen repeatedly in the park, but this represents the first observation from soil. The cells were observed in soil from beech-maple forest in a humid area on Baskins Creak Trail.
This alga is widely distributed in wet walls and seeps in the Great Smoky Mountains National Park (Johansen et al. 2007) . It is considered the more correct name for what has often been reported as Gloeodinium montanum Klebs.
Discussion
The soil algal flora of GSMNP has features typical of forest soil communities, such as the low diversity of Cyanobacteria and prevalence of unicellular coccoid algae in Chlorophyceae and Trebouxiophyceae. Such communities have been reported for forest soils in Russia (aleKsahina & shtina 1984), and Belgium (hoFFmann et al. 2007) . The rarity of Cyanobacteria may be the result of low pH. Only one species of cyanobacteria, Symplocastrum friesii, was detected in soil.
Several of the taxa we found in the forest soils of the Great Smoky Mountains National Park were taxa that often are dominant in forest soils in other parts of the world, including: Chlorella vulgaris, Bracteacoccus minor, Stichococcus bacillaris, Stichococcus minor, Botrydiopsis arhiza, Eustigmatus magnus, and Hantzschia amphioxis (not illustrated in this paper). Presence of the genera Chlorella, Klebsormidium, and Xanthonema also indicated our flora was typical of forest soil algal floras.
hoFFmann et al. (2007) during their investigation of the algal flora from limed and unlimed acidic forest soils in the Ardenne (Belgium) detected an absence of many taxa typical of forest algal floras, such as all Eustigmatophyceae, Chlorella species, and Stichococcus bacillaris. They postulated the absence of these algae was due to low pH and low nutrient concentrations. However, we found these taxa in acid soils (pH=3.8-5.8) of the park, indicating that their noteworthy absence in Ardenne may be due to other factors.
Rufusiella insignis is indicative of low pH and wet conditions, and is a common member of seep wall floras in the park (Johansen et al. 2007) . Euglena mutabilis often occurs in streams contaminated with acid mine drainage. The aquatic species Ulothrix variabilis has been reported from damp soils but is still noteworthy as all of our soils were in dry (albeit humid) areas distant from flowing and standing water. Another interesting characteristic of the soil algal flora of GSMNP is the presence of many species of Trebouxiophyceae (18 species in all), including 3 species of Myrmecia (M. bisecta, M. incisa, and M. biatorellae) and 2 species of Dictyochloropsis (D. reticulata, and D. splendida). These algae are known as phycobionts of many lichens. Their presence as free-living taxa may be connected with the abundance of lichens on soil and tree bark Aerial algae isolated only from rock surfaces included Chroococcus helveticus, Nostoc epilithicum, Spongiochloris minor, Raphidonema sempervirens, and Botrydiopsis arhiza. Of these, only R. sempervirens was unusual for a moderate climate. During previous investigations, this taxon was found in the Antarctic and Iceland and characterized as a cryophilic alga. It is possible, that several ecotypes of this species exist.
Only one alga was found on tree bark, Geminella terricola. It was detected from wet rocks in the GSMNP in a previous study (Gomez et al. 2003) , and isolating this algae from bark is also interesting in connection with the ecology of this species which previously is reported only from soils (ettl & Gärtner 1995) .
Some species were found both in soil and in aerial habitats. These are mostly very widely distributed algae including: Chlorella vulgaris, Pseudococcomyxa simplex, Klebsormidium flaccidum, Stichococcus bacillaris, Bracteacoccus minor, Myrmecia biatorellae, and Choricystis chodatii.
With the publication of this paper, the algal flora of the Great Smoky Mountains National Park now has 1019 reported taxa. We consider the soil algae to still be poorly studied. Many taxa we report were very limited in their distribution, and we suspect with a more intensive sampling effort we would find many more taxa. The subaerial habitats of the park have received much more study (Gomez et al. 2003; Johansen et al. 2007; Fučíková et al. 2008) , and have been the source of many algal species records. Not only should forest soils receive study, but we should examine the soils of more open habitats such as the grassy meadows of Cades Cove, Cataloochee Valley, Andrews Bald, and Gregory Bald. The aerial algae growing on trees and dry rock faces are also very understudied. Work on the algal flora of the park will likely continue for many years before it becomes difficult to obtain new species records.
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